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We present a newly developed instrument that uses proton-transfer ion trap-mass spectrometry
(PIT-MS) for on-line trace gas analysis of volatile organic compounds (VOCs). The instrument is
based on the principle of proton-transfer reaction-mass spectrometry (PTR-MS): VOCs are ionized
using PTRs and detected with a mass spectrometer. As opposed to a quadrupole mass filter in a
PTR-MS, the PIT-MS instrument uses an IT-MS, which has the following advantages: (1) the ability
to acquire a full mass spectrum in the same time as one mass with a quadrupole and (2) extended
analytical capabilities of identifying VOCs by performing collision-induced dissociation (CID) and
ion molecule reactions in the IT. The instrument described has, at its current status, limits of
detection between 0.05 and 0.5 pbbv for 1-minmeasurements for all tested VOCs. The PIT-MSwas
tested in an ambient air measurement in the urban area of Boulder, Colorado, and intercompared
with PTR-MS. For all measured compounds the degree of correlation between the two measure-
ments was high (r2  0.85), except for acetonitrile (CH3CN), which was close to the limit of
detection of the PIT-MS instrument. The two measurements agreed within less than 25%, which
was within the combined measurement uncertainties. Automated CID measurements on m/z 59
during the intercomparison were used to determine the contributions of acetone and propanal to
the measured signal; both are detected at m/z 59 and thus are indistinguishable in PTR-MS. It was
determined that m/z 59 was mainly composed of acetone. An influence of propanal was detected
only during a high pollution event. The advantages and future developments of PIT-MS are
discussed. (J Am Soc Mass Spectrom 2005, 16, 1316–1324) © 2005 American Society for Mass
SpectrometryVolatile organic compounds (VOCs) in the atmo-sphere are emitted in large quantities from avariety of different natural and anthropogenic
sources [1]. VOCs are key ingredients in the formation
of ozone and aerosols and they play a significant role in
determining regional air quality, in the chemistry of the
global troposphere, and possibly the global carbon cycle
[2]. Thus, there is continuing interest in the develop-
ment of new methods for analysis of complex mixtures
of VOCs in ambient air. Proton-transfer reaction-mass
spectrometry (PTR-MS) is such a method and was
developed by Lindinger and coworkers at the Univer-
sity of Innsbruck [3, 4]. It is a method for on-line
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doi:10.1016/j.jasms.2005.03.025measurements of trace amounts of VOCs in air, includ-
ing many oxygenated VOCs. PTR-MS uses PTRs of
hydronium ions ([H3O]
) to ionize VOCs in combina-
tion with mass spectrometric detection of the product
ions. PTR-MS is well suited for studying the atmo-
spheric chemistry of organic compounds, because it
allows many important VOCs from natural and man-
made origin to be measured along with their oxidation
products. Three features that set PTR-MS apart from its
alternatives such as gas chromatography mass spec-
trometry (GC-MS) for the analysis of VOCs in air are (1)
the fast time response of only seconds or less, (2) the
simultaneous analysis of numerous VOCs without a
need for preconcentration or chromatographic separa-
tion, and (3) the capability of performing stand-alone
measurements over extended periods of time. Lind-
inger et al. [4] have summarized the recent applications
of PTR-MS.In a PTR-MS measurement, only m/z of the product
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tainly not unique indicator of the identity of trace gases.
Clearly, different isomers of the same mass can not be
resolved in this manner. The interpretation of the mass
spectra is further complicated by the fragmentation of
product ions and the formation of cluster ions, which
may lead to additional mass overlap [5]. Recently, a
method was developed that separates the contributions
from different VOCs to a single mass channel by
coupling a GC column to a PTR-MS instrument [6 – 8]. It
was shown that a large number of VOCs could be
unambiguously identified and quantified with this
technique. The disadvantage of this method is that the
acquisition of an air sample and the GC separation of
the compounds take up to 30 min, and the ability of
performing fast on-line measurements is lost.
Here, we present an instrument similar to a PTR-MS
instrument that uses an ion trap mass spectrometer
(IT-MS) for the detection of ions. The extended analyt-
ical capabilities of the IT allow VOCs to be resolved that
are normally indistinguishable in PTR-MS. The poten-
tial advantages of an IT over a quadrupole used in
PTR-MS have recently been demonstrated by Prazeller
et al. [9] and Warneke et al. [10]. The advantages are (1)
an IT can analyze a range of masses of several 100 Th
(Thompson) almost simultaneously whereas the quad-
rupole mass filter transmits only ions of one mass at a
time. A mass spectrum of ions stored in the IT is
generated in about 20 ms, which is much shorter than
the ion collection time; thus, the measurement effi-
ciency per mass of the IT is significantly improved
compared with the quadrupole. The increase in mea-
surement efficiency is somewhat offset by the smallerFigure 1. Schematic drawing ocollection efficiency of an IT relative to a quadrupole.
(2) An IT has more analytical capabilities: collision-
induced dissociation (CID) and reactions can be per-
formed in the IT. (3) In PTR-MS the ion chemistry is
simplified by applying an electric field over the length
of the drift tube reactor. This increases the ion kinetic
energy, prevents ion clustering, and thus allows the
interpretation of the product ion signals. Applying an
electric field also limits the sensitivity, however. Be-
cause of the analytical capabilities of the IT, more
cluster ions and, therefore, more complicated mass
distributions, can be allowed in the drift reactor, which
may allow the ion kinetic energy in the drift region to be
decreased and the sensitivity to be increased.
In this study we present a newly developed instru-
ment that combines a drift tube similar to the one used
in PTR-MS with an IT-MS. The instrument design is
described and performance tests are presented. Ambi-
ent atmospheric measurements of a number of different
VOCs are used to demonstrate the instruments limits of
detection and the feasibility of on-line VOC measure-
ments at low mixing ratios. In addition, CID measure-
ments for ambient trace gases are used to demonstrate
the capability of the proton-transfer ion trap-mass spec-
tometry (PIT-MS) instrument to distinguish between
different VOCs of the same m/z.
The PIT-MS Instrument
Instrument Setup
The PIT-MS instrument shown in Figure 1 consists of
four parts: (1) an all Teflon gas inlet and handlingf the PIT-MS instrument.
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,
(3) a drift tube reaction chamber, and (4) the detection
system with the IT-MS and a secondary electron multi-
plier (SEM). The first three parts, similar to the PTR-MS
instrument, were described in detail previously [4, 8,
11] and will therefore be discussed only briefly here.
Gas inlet system. A diaphragm pump is used to pump
the gas inlet system. A pressure controller regulates the
flow through the inlet such that the inlet upstream of
the controller is kept at a constant value. In this way the
pressure in the drift tube of the PIT-MS instrument is
kept constant and independent from the ambient pres-
sure. About 30 STP mL min1 (STP  standard temper-
ature of 273.15 K and pressure of 1.013 bar) sample air
is diverted to the drift tube to maintain a pressure of 2.4
mbar. In this setup the sample air is only exposed to
Teflon and Silcosteel (Reslek, Bellefonte, PA), which
minimizes memory effects and the buildup of impuri-
ties in the inlet system. The system background levels,
which have to be subtracted from the signal, are deter-
mined by passing the air through a catalytic converter
using a three-way valve system. The converter effec-
tively removes VOCs from the sample stream and keeps
the humidity constant. Calibration gas can be added to
the sample air downstream of the catalytic converter.
Varying the inlet flow using a needle valve can produce
a large range of calibration gas mixing ratios.
Ion source. Ions are produced in a hollow-cathode
discharge in water vapor, which forms an intensive
source of [H3O]
 ions. A water vapor flow of about 4–8
STP mL min1 is pumped through the source of which
about 5% reaches the drift tube, leading to an increased
humidity of the sample air.
Drift tube reaction chamber. The ions are injected into
the drift tube, which consists of 2 cm inner diameter
(i.d.) stainless steel rings that are sealed and electrically
isolated with Teflon rings and connected with resistors.
A homogeneous electric field of up to 1000 V can be
applied over the entire drift tube. The sample air (30
STP mL min1) is pumped through the drift tube and
has a residence time of about 0.2 s, which is one of the
limiting factors for the response time of the instrument
with memory effects being another one. Typical values
in the drift tube used here were a 700 V electric field and
2.4 mbar pressure, which yields an E/N value (electric
field over gas number density) of about 118 Td (1 Td 
1017 V cm2). In the drift tube, PTRs between [H3O]

and VOCs take place. Exiting the drift tube, the sample
air is pumped away and a fraction of the ions ([H3O]

precursor ions and protonated VOCs) is extracted into
the IT chamber. For a detailed description of the ion-
molecule reactions in the drift tube, the determination
of the sensitivity and a possible humidity dependence
see de Gouw et al. [8] and Warneke et al. [11].IT-MS. The IT used in the PIT-MS instrument has been
described in detail by Lovejoy and Wilson [12], and
recent modifications are discussed by Curtius et al. [13].
With a system of four lenses the ions are focused into
the IT. The bias of the last lens can be controlled to gate
ions into the trap. The IT has an internal radius of 1 cm
and stretched endcap geometry. The IT pressure during
all measurements was kept at 1  103 mbar by adding
ultrapure He to the IT chamber. About 5% of the gas in
the IT chamber is sample air from the drift tube. Each
endcap has a 1 mm diameter centered aperture. IT
parameters of r0  1 cm and f  1.01 MHz give a
relationship for the trapping parameter of qz  0.0479
Vp-p/m, where Vp-p is the peak-to-peak radio frequency
(RF) voltage and m is m/z in Th [14]. Ions ejected
through the exit endcap are accelerated onto a discrete
dynode SEM, which is located in a differentially
pumped chamber at a pressure of 1  105 mbar.
The IT electronics consist of National Instruments
PCI (Peripheral Component Interconnect) boards and a
“LabView” program that control the ring electrode RF
voltage, the lens gate bias, and endcap waveforms and
also acquire data during the mass scan. Two different
waveforms are applied to the IT endcaps: (1) filtered
noise fields [15] (FNF) used for mass filtering during the
ion-trapping period and also exciting trapped ions for
CID and (2) sine waves used for axial modulation
during the mass scan. The data acquisition electronics
consist of a discrete dynode electron multiplier, a pre-
amplifier, and an analog to digital converter. The soft-
ware allows the user to adjust the timing and the
amplitude of the RF voltage, the endcap waveforms,
and the voltage that gates the ions into the IT and,
therefore, give the ability to choose the trapping time, to
perform fast mass scans of all trapped ions, to selec-
tively trap specific ions, do CID on selected ions, and to
perform ion-molecule reactions in the IT by adding
reactant gases to the He buffer in the trap chamber.
Figure 2 shows a schematic of the voltages and fields
that are typically applied to the IT to acquire a mass
scan. At the beginning of each cycle the IT is emptied of
all ions by closing the ion gate and switching off the RF
amplitude on the ring electrode. The gate is applied to
the last lens in front of the IT. During the trapping time
the lens is used to focus the ions into the trap (ions on);
during the rest of the time the lens is used to block the
ions from entering (ions off). To trap ions, the gate is
opened and a low amplitude RF field, typically 500–700
V peak-to-peak, is applied to the ring electrode. The
trapping time can be varied from 1 ms up to several
seconds and is chosen depending on the expected ion
signals. This means that the trap can be filled until the
desired number of ions is stored, although no automatic
gain control is used here. On the other hand, too large
a number of ions, confined in the small volume of the
IT, will cause space charge effects and a distortion of the
mass scans.
During the trapping an FNF can be applied to the
endcaps for selectively trapping or removing specific
al IT
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ions can be stored for a variable length of time. During
this delay time a second FNF can be applied for CID of
trapped ions or reactions in the trap can be performed.
Hereafter, the RF amplitude is ramped up, which
increases the amplitude of the trajectories of the trapped
ions and they are ejected from the IT starting with low
m/z and increasing with RF amplitude. This is called the
mass selective instability mode [16]. The ions exiting the
IT are detected with the SEM and the ion current is
measured. All parameters controlling the trap are vari-
able providing full control over the analytical capabili-
ties of the IT.
The PIT-MS instrument is built into a standard
double column 19 in. rack with a height of 60 cm. It
weighs about 130 kg and has a total power consump-
tion of about 1.2 kW.
Measurement Procedure
In the IT, only about 2  104–1  105 ions can be stored
before space charge effects distort the mass scans. To
estimate the number of ions that are overfilling the IT,
the measured gain of the SEM was used together with
an estimated efficiency of the extraction of the ions from
the IT. The IT is filled with primary ions in about
50–100 ms, which is too short to detect small mixing
ratios of product ions. To measure small mixing ratios
in air, trapping times of product ions of at least 1 s are
necessary and therefore primary and product ions can
Figure 2. A typicnot be measured at the same time. In Figure 3 two massscans are shown, one from primary and one from
product ions. The primary ions in Figure 3a were
measured with a trapping time of 50 ms and an RF
amplitude was chosen that allows for trapping m/z as
low as 12 Th. No auxiliary FNF field was applied to the
endcaps. It should be mentioned that the trapping
efficiency of m/z 19 ([H3O]
) is about a factor of 4–8
lower than all other m/z values. The trapping efficiency
was measured by adding such high mixing ratios of
VOCs to the drift tube that [H3O]
 was completely
reacted away. The ratio of precursor to product ion
signals yields a trapping efficiency difference. The im-
purity O2
 ions in the primary ions signal therefore are
only 3–5%, even though the percentage seems higher in
Figure 3a.
The product ion mass scan in Figure 3b was pro-
duced by diluting a calibrated VOC gas standard con-
sisting of methanol, acetonitrile, acetaldehyde, acetone,
dimethyl sulfide, benzene, and toluene to about 50
ppbv. The trapping time is 2 s and an RF amplitude was
chosen that allows for the trapping of m/z starting at 20
Th, which eliminates [H3O]
 from the mass scan. Dur-
ing the trapping an FNF field is applied to the endcaps
to eliminate m/z 30, 32, and 37 Th, which allows for long
trapping times of the product ions without overfilling
the IT with primary ions.
The increase in ion signal with the length of the
trapping time is shown in Figure 4a. Using the same
calibration standard the product ions were trapped
with varying trapping times. The detected ion signals
control sequence.increase linearly with the trapping time until the IT is
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creases the sensitivity (in mV ppbv1) of the PIT-MS
instrument, but results in a decreased time resolution.
Figure 4b shows that ions can be stored in the IT for
several seconds with only minor losses. The same
calibration mixture was used to produce ions, which
were collected for 1 s and then stored in the trap with a
variable delay time. After 10 s of storing about 40 % of
the ions are lost from the IT.
Humidity Dependence and Calibrations
A discussion of the humidity dependence and the
calibration procedure of VOCs measured with this drift
tube reactor, similar to that used in PTR-MS instru-
ments, can be found elsewhere [7, 8, 11, 17] and will be
only briefly summarized here.
Because of variations in the intensity of the ion
source and the humidity of the sample air, the signals of
[H3O]
 and [H3O]
(H2O) are not constant. To account
for the varying primary ion signals, the product ion
signals are normalized to a standard primary ion signal
of 1000 mV u (the integrated ion signal; the ion current
during a mass scan is measured with a current to
voltage amplifier and the area under the peak is calcu-
lated by integrating the mass peak) using the following
equation [7, 8, 11, 17]:
normalized ion signal
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Figure 3. (a) A mass scan of the primary ions o
and [NO] (30 Th); starting at m/z 12, the trapp
scan of product ions of a calibration gas containin
Th), acetaldehyde (45 Th), acetone (59 Th), dime
Th). The mass scan starts at m/z 20, the trapping
m/z 30, 32, and 37. 1000
iH3OXR iH3OH2O
(1)where i([H3O]
) and i([H3O]
(H2O)) are the ion signals
of [H3O]
 and [H3O]
(H2O) measured with a 50 ms
trapping time and i(RH) is the product ions measured
at a 1000 ms trapping time. The normalized ion signal is
given in units of nmV u (normalized milliVolt mass
unit) (normalized integrated ion signal). The factors XR
are compound specific and reflect both the mass-depen-
dent detection efficiency for [H3O]
, [H3O]
(H2O), and
R, and the difference in rate coefficient for the [H3O]
 
R and [H3O]
(H2O)  R proton transfer reactions.
Values for XR are determined by measuring constant
mixing ratios of each VOC at varying humidity, which
changes the ratio of [H3O]
  and [H3O]
(H2O) [7, 8, 11,
17].
In principle, the response of the PIT-MS instrument
with respect to specific VOCs can be calculated from the
instrumental conditions and the rate coefficient for the
PTR with [H3O]
 [4, 7]. Because the uncertainties in the
rate coefficient can be substantial (50%) and to a lesser
extent to account for possible inlet losses, calibration
measurements are performed to achieve better accu-
racy. A typical calibration curve is shown in Figure 5. A
small flow (3 STP mL min1) of the standard mix is
diluted in varying flows of ambient air, which is
cleaned from VOCs with the catalytic converter (see
Figure 1, gas inlet system). By changing the PIT-MS
instrument’s inlet flow using the Teflon needle valve,
mixing ratios of 1-70 ppbv can be generated. The
response of the PIT-MS instrument over this mixing
ratio range is linear for all measured VOCs (Figure 5).
10090807060
 (Th)
a
b
O] (19 Th), [H3O.H2O]
 (37 Th), [O2]
 (32 Th),
me is 50 ms and no FNF is applied. (b) A mass
out 50 ppbv of methanol (33 Th), acetonitrile (42
ulfide (63 Th), benzene (79 Th), and toluene (93
is 2 s, and an FNF field is applied to eliminate50
m/z
f [H3
ing ti
g ab
thyl s
timeThe slope of each curve yields the sensitivity (or cali-
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some species an offset in the response is measured
because of impurities in the system or the presence of
unwanted ions from the ion source. During measure-
ments this offset is determined by passing the air
frequently through the catalytic converter and is sub-
tracted from the signal. Using these calibration mea-
surements, the mixing ratios in the ambient air mea-
surements, described in the next section, was
determined.
Ambient Air Measurements
Limit of Detection
To verify the ability of the PIT-MS instrument to mea-
sure on-line sub-ppbv (parts per billion volume) mixing
ratios, ambient air measurements using a PIT-MS and a
PTR-MS instrument were conducted in the urban area
of Boulder, Colorado. Figure 6 shows the six different
VOC mixing ratios measured via both PIT-MS and
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Figure 4. (a) The increase in signal with trapping time. (b)
Decrease in signal with the time the ions are stored in the IT after
trapping.PTR-MS instruments as a function of time. The PIT-MS
measurements were all done in the regular mass scan
mode. The mixing ratios were determined as described
earlier by normalizing to the primary ion signal, sub-
tracting the instrument background measured with the
catalytic converter, and dividing by the calibration
factor. The trapping time used for the product ions was
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Figure 5. Result of a typical calibration measurement of the
PIT-MS.
Figure 6. Time series of 1-min measurements of the mixing ratios
of methanol, acetonitrile, acetaldehyde, acetone, benzene, and
toluene measured simultaneously with PIT-MS and PTR-MS in
Boulder, Colorado.
 min.
1322 WARNEKE ET AL. J Am Soc Mass Spectrom 2005, 16, 1316–13245 s and 12 mass spectra were averaged to yield 1-min
measurements.
Limits of detection are estimated as three times the
standard deviation in the background measurements
[11] and are given in Table 1 for 1-min integration
periods. For comparison, the limits of detection for
PTR-MS determined during the NEAQS2002 (New En-
gland Air Quality Study 2002) campaign are also given
in Table 1. The lower limits of detection are a result of
the higher sensitivity of the PTR-MS than the PIT-MS
instrument, but the sensitivity of the latter is subject to
continued improvement.
Intercomparison with PTR-MS
Figure 6 also shows the results of PTR-MS measure-
ments along with the PIT-MS data. The data presented
for both instruments are 1-min measurements. It can be
seen that the two instruments agree well, although the
PIT-MS instrument has more noise on the signal mainly
because of the lower sensitivity compared with the
PTR-MS. The correlation coefficients and the slopes of
the intercomparison for all six compounds are given in
Table 1. For all six VOCs r2 is higher than 0.85, except
for acetonitrile, where the mixing ratios were close to
the limits of detection of the PIT-MS. The percent
difference between PIT-MS and PTR-MS measurements
was less than 25% for all compounds. Because different
calibration procedures (different setup and flow con-
trollers) were used for both instruments, we consider
these differences to be within the expected uncertain-
ties. Furthermore, the humidity dependence of the
PIT-MS has to be investigated in more detail, but a full
characterization and validation of the sensitivity and
humidity dependence of the newly developed PIT-MS
instrument are beyond the scope of this work.
CID
As described earlier, the IT has extended analytical
capabilities compared with the quadrupole mass spec-
trometer used in conventional PTR-MS [9, 10]. Using
the PIT-MS instrument CID was performed every 45
Table 1. PIT-MS data on six VOCs including the quantification
time (S/N  3), and corresponding limits of detection for PTR-M
Compound
m/z
[Th]
PIT-MS
LOD
[pptv]
PTR-MS
LOD
[pptv]a
Methanol 33 500 250
Acetonitrile 42 110 34
Acetaldehyde 45 450 220
Acetone 59 240 84 
Benzene 79 90 46
Toluene 93 50 33
Key: LOD, limits of detection; PIT-MS, proton-transfer ion trap-maspectr
noise; VOCs, volatile organic compounds.
aTaken from Ref. [17]: measurement frequency: 5 s per m/z every 2.25min on m/z 59 during the intercomparison experiment. Ions at m/z 59 were isolated in the IT and were subse-
quently excited and fragmented using an FNF at in-
creasing amplitudes. Figure 7a repeats the measured
time series of m/z 59 from Figure 6, and Figure 7c shows
one typical CID measurement of m/z 59 that was taken
during an episode of high m/z 59 mixing ratios. The
relative abundance of the precursor ion and the product
ionsm/z 31 andm/z 41 are plotted, where on the top axis
the time of the measurement and on the bottom axis the
respective amplitude of the CID FNF field is shown.
One CID measurement in the mode used here takes
about 4 min. To reduce the time for CID, fewer or only
one sufficiently high amplitude could be chosen to
determine the fragment ions. In the urban atmosphere,
both acetone and propanal are expected to contribute to
the signal measured on m/z 59, where higher mixing
ratios of acetone are usually encountered because of its
higher emissions and longer atmospheric lifetime [17].
In Figure 7d, e, CIDs of pure acetone and propanal are
shown. Fragmentation patterns for acetone and propanal
in an IT-MS were proposed by Prazeller et al. [9]. For
acetone, m/z 41 is CH2ACCH3
 and m/z 31 is CH3O
, and
for propanal, m/z 41 is CH3CHACH
 and m/z 31 is
CH3O
. The intensity ratio of (m/z 31)/(m/z 41) at higher
FNF CID amplitudes is different for the two compounds
(0.6 for propanal and 2.0 for acetone), which could be used
to distinguish between the two compounds [9, 10]. The
fragmentation of m/z 59 in the ambient air measurements
looks similar to that for acetone with a maximum (m/z
31)/(m/z 41) intensity ratio of about 2. The intensity ratio
of (m/z 31)/(m/z 41), averaged over the FNF amplitudes
0.12, 0.14, and 0.16 V is plotted versus time in Figure 7b.
One point in Figure 7b represents one CID measurement
as presented in Figure 7c. For almost the entire measure-
ment period themeasured (m/z 31)/(m/z 41) intensity ratio
is very close to that of acetone. This shows that the signal
measured on m/z 59 can be attributed mainly to acetone
with a small contribution of propanal during a short
period of time around 12:00 p.m. onApril 10, 2004. During
this time period very high mixing ratios of methanol and
other VOCs were measured, which indicates fresh pollu-
tion or a change to emission sources that contain relatively
more propanal. The error bars on the (m/z 31)/(m/z 41)
sensitivity and limits of detection (LOD) for a 1-min trapping
d the slope and r2 of the intercomparison
Sensitivity
[nmV u
ppbv1]
Slope
intercomparison
r2
Intercomparison
2.4 0.98 0.99
4.2 1.12 0.60
4.1 0.93 0.85
5.3 1.20 0.90
5.2 1.24 0.87
6.71 1.21 0.93
ry; PTR-MS, proton-transfer reaction-mass spectrometry; S/N, sign al toions,
S, an
ometintensity ratio are the inverse of the m/z 59 mixing ratio to
.1323J Am Soc Mass Spectrom 2005, 16, 1316–1324 PIT-MS: DETECTION AND ID OF COMPOUNDS IN AIRshow where low signals can cause higher uncertainties in
the ratio. CID measurements on m/z 59 can be used to
measure the contribution of acetone and propanal at
mixing ratios as low as 0.5 ppbv.
CID measurements, as presented here for m/z 59, can
be performed automatically on a large number of m/z
and clearly increase the specificity of PIT-MS compared
with PTR-MS.
Conclusion
Here, we presented a newly developed instrument
(PIT-MS) for on-line trace gas analysis that uses PTR
with [H3O]
 to ionize VOCs, similar to PTR-MS, and an
IT-MS for the detection. The instrument described has
at the current status a limit of detection below 0.5 ppbv
for 1-min measurements of all investigated VOCs. Dur-
ing an ambient air measurement the PIT-MS was com-
pared with a conventional PTR-MS instrument and
showed good agreement. The analytical capabilities of
the IT were demonstrated by doing CID on m/z 59,
confirming that mostly acetone contributes to the signal
on m/z 59. Only during high pollution events was an
influence of propanal detected.
The PIT-MS instrument has clear advantages over
conventional PTR-MS: as opposed to a PTR-MS mea-
surement no ions have to be selected for monitoring
before a PIT-MS measurement. Furthermore, the
PIT-MS instrument has extended analytical capabilities
Figure 7. (a) A time series of acetone mixing 
31)/(m/z 41) at an FNF amplitude of 0.14 V vs. ti
and propanal. (c) One single CID measurement o
acetone. (e) CID measurement of pure propanalfor identifying VOCs by performing CID and ion-molecule reactions in the IT. These analytical capabili-
ties could be used to improve the sensitivity. At the
present stage the sensitivity of the PIT-MS instrument is
still lower than of the PTR-MS (about a factor of five,
dependent on the measurement setup) and needs to be
improved. Current developments to increase the sensi-
tivity include the use of an octopole ion guide, replacing
the lens system to transport the ions from the drift tube
and to focus them into the IT. Furthermore, the orifice
size in the endcaps could be increased, which would
allow more ions to enter the trap but would reduce the
mass resolution somewhat.
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